Cloning and developmental expression analysis of ltd-1, the Caenorhabditis elegans homologue of the mouse kyphoscoliosis (ky) gene 
Results and discussion
The mouse ky mutant exhibits combined posterior and lateral curvature of the spine and is thought to be a good model for studying the genetic basis of scoliosis (Bridges et al., 1992) . A GC deletion in the ky gene has recently been identified as the cause for this severe phenotype. The ky gene is expressed in skeletal muscle and its protein product is thought to have an, as yet unidentified, essential role in postural muscle development (Blanco et al., 2001) . Homologues of mouse Ky are present in invertebrates, fungi and a cyanobacterium (Fig. 1 ). Although these Ky homologues have differing domain compositions, the central and C-terminal portions are likely to be orthologous, arising from a common ancestor by speciation events.
Cloning of ltd-1, the Caenorhabditis elegans homologue of the mouse ky gene
We have used the model organism C. elegans, which has been instrumental in enhancing our understanding of human disease genes (Culetto and Sattelle, 2000) , to analyze the developmental expression pattern of the C. elegans ky homologue, which we have named ltd-1 (LIM and transglutaminase domains). Ltd-1 has been localized to chromosome II and cosmid K02C4. The full-length cDNA sequence was obtained through a combination of reverse transcriptasepolymerase chain reaction (RT-PCR) and sequencing of available expressed sequenced tags (ESTs), notably yk54e8, yk73e12, yk357g9 and yk359f3. The 2600 bp mRNA codes for a 724 amino acid protein. The interesting features of the ltd-1 cDNA are illustrated in Fig. 1. 
Developmental expression pattern of LTD-1
We have investigated the expression pattern and subcellular localization of the LTD-1 protein by creating a GFP fusion construct driven by the ltd-1 native promoter (,4 kb) (Chalfie et al., 1994) , and employing confocal microscopy to analyze members of C. elegans transgenic lines expressing the construct.
The LTD-1::GFP signal is present throughout the development of C. elegans. We have detected this signal as early as the twofold embryo. As illustrated in Fig. 2 , the LTD-1::GFP construct is expressed in the apical regions of the dorsal and ventral hypodermis in very tightly organized circumferential filament bundles. This cytoskeletal expression pattern mirrors the intracellular distribution of actin and tubulin in C. elegans (Costa et al., 1997; Costa et al., 1998; Priess and Hirsh, 1986) , which play a crucial role in the elongation of the embryo. It is noteworthy that other Ky homologues, namely Saccharomyces cerevisiae CYK3 and Hirudo medicinalis Hillarin (Ji et al., 2001; Korinek et al., 2000) are also targeted to the cytoplasm. In late embryos, the GFP signal is localized to the apical junction between hyp 5, hyp 6 and hyp 7 and between the seam cells and the P blast cells in the ventral midline. This signal highlights the been submitted to GenBank (accession no. AF489839). (C) Multiple sequence alignment of protein repeats in Ky and LTD-1 homologues, coloured using CHROMA (Goodstadt and Ponting, 2001 ) with a 75% consensus. Amino acids that have been excised from the alignment are represented by numbers in parentheses. Predicted (Rost and Sander, 1993 ) secondary structures (e/E represents beta-strands) with expected accuracies of .82 % (E) or .72% (e) are indicated below the alignment. Species abbreviations: Ce, Caenorhabditis elegans; Mm, Mus musculus; Dm, Drosophila melanogaster; Hm, Hirudo medicinalis; Ssp, Synechocystis sp.; Sp, Schizosaccharomyces pombe; Sc, Saccharomyces cerevisiae; Af, Aspergillus fumigatus; and Ca, Candida albicans. In descending order the GenInfo identifiers and amino acid numbers are 7505121 (529-654 and 676-780), 10697088 (328-419 and 440-542), 15292465 (565-677 and 699-816), 13936816 (239-349, 372-472, 806-916, 937-1037 and 1059-1161), 7470126 (318-413), 3183389 (656-775) , and 2131339 (646-766). cell fusion processes that take place during post-embryonic development.
The ltd-1 reporter is also expressed throughout the seam cell division process. Its expression is observed in the seam cells of the early embryo and in the larval stages once these cells have commenced division. It clearly outlines the cytokinesis between posterior mother cells and anterior daughter cells and illustrates the subsequent fusion of the anterior daughter cells to the hypodermal syncitium. The GFP signal is also observed in longitudinal filaments within the cytoplasm linking both extremities of the elongating seam cells and in the alae formed by their fusion. The strong presence during cell division, together with the actin-like localization pattern, are indicative of a role of LTD-1 in cell division. It is noteworthy that such a role has already been attributed to the yeast Ky homologue, CYK3 (Korinek et al., 2000) . The LTD-1::GFP signal is also observed in rectal epithelial cells (tentatively, U and Y cells) and in the terminal bulb (marginal cells) and isthmus of the pharynx from hatching to adulthood. Our results show the ltd-1 gene product to be a novel marker for hypodermal cell development in C. elegans.
Experimental procedures

Growth and maintenance of C. elegans
The Bristol N2 C. elegans strain (Wild-type) was used throughout this study and was maintained in culture as previously described (Brenner, 1974) .
Cloning and sequencing cDNA
Performing a TBLASTN BLAST search led to the identification of four expressed sequence tags (ESTs) corresponding to the ltd-1 gene (yk54e8, yk73e12, yk357g9, yk359f3). The ESTs were sequenced by the Oxford University DNA Sequencing Facility.
RT-PCR
Total RNA from mixed stage N2 C. elegans was isolated by Trizol extraction (Life Technologies). RT-PCR was then performed using the 1st Strand cDNA Synthesis Kit (AMV) for RT-PCR (Roche, UK) and the Expande High Fidelity PCR System (Roche, UK).
GFP reporter construct
PCR was used to create a fusion protein between LTD-1 and GFP. Expande Long Template PCR System (Roche, UK) was used and the resulting fragment was directionally cloned into the pPD95.77 vector. Our GFP construct (50 ng/ ml) and the rol-6 dominant marker (100 ng/ml) were coinjected into the gonads of N2 hermaphrodite worms (Mello and Fire, 1995) . Animals from stable transgenic lines were viewed by fluorescence microscopy on a Leica DMRE attached to a Leica confocal system TCS.
